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for air-tightly separating the vacuum vessel into a ?rst 
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CRYOSTAT wrm CRYO-COOLER 

FIELD OF THE INVENTION AND RELATED 
ART STATEMENT 

This invention relates to a cryostat with a cryo 
cooler. This type of cryostat with a cryo-cooler cools, 
for example, a superconducting magnet of a nuclear 
magnetic resonance device. 
A conventional cryostat with a cryo-cooler, for ex 

ample, as disclosed in J P-A-63-5l849 includes a vacuum 
vessel containing liquid helium as a cryogen for cooling 
a superconducting magnet. Liquid helium is very ex 
pensive, and can easily evaporate, and therefore is con 
tained in a thermal shield tube. A helium cryo-cooler is 
disposed outside of the vacuum vessel, and a cooling 
portion of this cryo-cooler is joined to a heat transfer 
plate of the thermal shield tube so as to cool the liquid 
helium. Those joint portions of the cooling portion and 
the heat transfer plate, as well as the thermal shield 
tube, are disposed within a common vacuum chamber 
of the vacuum vessel. 
When it is required to exchange the helium cryo 

cooler, the vacuum chamber must be opened to the 
atmosphere in order to separate the cooling portion of 
the helium cryo-cooler from the heat transfer plate. For 
this reason, before exchanging the helium cryo-cooler, 
the electric current in the superconducting magnet must 
be once taken out to the exterior, and the overall tem 
perature of the cryostat must be increased by evaporat 
ing all of the liquid helium. Then, after exchanging the 
helium cryo-cooler, the vacuum chamber must be again 
brought into a vacuum condition, and liquid helium 
must be again ?lled in the vacuum vessel and be again 
cooled. Further, the superconducting magnet must be 
energized again. 

Thus, the conventional cryostat with a cryo-cooler 
suffers from the problems that each time the helium 
cryo-cooler is exchanged, a large amount of cryogen is 
lost, and that a longer time is required for starting the 
operation of the cryostat. 

OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
cryostat which suppresses a loss of cryogen at the time 
of exchanging a cryo-cooler, and can start its operation 
within a short time. 
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In order to achieve this object, according to the pres- _ 
ent invention, there is provided a cryostat comprising: 

a vacuum vessel; 
partition means for air-tightly separating the vacuum 

vessel into a ?rst vacuum chamber and a second vac 

uum chamber; 
thermal shield means encapsulated within the ?rst 

vacuum chamber; 
a cooler encapsulated within the thermal shield 

means for containing therein a body to be cooled and 
cryogen for cooling the body to be cooled; 

a cryo-cooler disposed outside of the vacuum vessel, 
the cryo-cooler having a cooling portion which portion 
is disposed within the second vacuum chamber; 

a heat transfer passage along which heat is transferred 
from the thermal shield means to the cooling portion of 
the cryo-cooler through a part of the partition means; 

at least two openings provided in the second vacuum 
chamber, through which the second vacuum chamber is 
capable of being opened to atmosphere; and 

65 

2 
cover means detachably mounted to the respective 

openings for maintaining the second vacuum chamber 
at a vacuum condition, on which cover means the cryo 
cooler is mounted. 

Other objects and features of the invention will be 
come manifest from following description of preferred 
embodiments of the invention upon making reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a ?rst preferred 
embodiment of a cryostat of the invention used in a 
nuclear magnetic resonance device; 
FIG. 2 is an enlarged fragmental cross-sectional view 

of the cryostat of FIG. 1; 
FIGS. 3 to 5 are fragmental cross-sectional views 

showing modi?ed forms of the cryostat of FIG. 1, re 
spectively; and 
FIG. 6 is a cross-sectional view of a second preferred 

embodiment of a cryostat of the invention used for 
cooling a cryoelectronics device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A cryostat shown in FIGS. 1 and 2 is used for cooling 
superconducting magnets l of a nuclear magnetic reso 
nance device. The cryostat comprises a vacuum vessel 2 
of stainless steel containing a helium container 3. The 
helium container 3 contains the superconducting mag 
nets 1 and liquid helium 4 for keeping the magnets 1 in 
a super-conducting condition. The cryostat further 
comprises a helium cryo-cooler 5 which includes a 
compressor 51, a body 52 and a cooling portion 53. The 
vacuum vessel 2 is divided by a partition wall 6 into a 
?rst vacuum chamber 21 and a second vacuum chamber 
22. The helium container 3 is surrounded by an outer 
thermal shield tube 31 and an inner thermal shield tube 
32. The cooling portion 53 of the helium cryo-cooler 5 
cools the thermal shield tubes 31 and 32 to keep the 
liquid helium at extremely low temperatures, thereby 
maintaining the superconducting magnets 1 in a super 
conducting condition. The helium container 3 as well as 
the thermal shield tubes 31 and 32 are disposed within 
the ?rst vacuum chamber 21, and the cooling portion 53 
of the cryo-cooler 5 is disposed within the second vac 
uum chamber 22. 
The Partition wall 6 comprises a shell 61 of stainless 

steel, a bellows 62 of stainless steel, a shell 63 of stainless 
steel, a bellows 64 of stainless steel, a stainless steel shell 
65 of a multi-wall construction, a bellows 66 of stainless 
steel, and a shell 67 of stainless steel, which are joined 
together (FIG. 2). 
The second vacuum chamber 22 has at one end 

thereof an opening 222 open to the atmosphere. A cover 
223 is removably attached to the opening 222 by bolts 
224. The opening 222 is air tightly closed by the cover 
223 and an O-ring 225. The cover 223 is a part of the 
wall 24 of the vacuum vessel 2 after it is mounted to the 
opening 222. 
A ?ange 23 is formed on the other end of the second 

vacuum chamber 22, which is provided with an opening 
226 open to the atmosphere. A cover 227 of stainless 
steel is removably attached to the opening 226 by bolts 
228. The opening 226 is air-tightly closed by the cover 
227 and an O-ring 229. The flange 23 is secured to a 
magnetic shield member 39 greater in mass than the 
vacuum vessel 2 of the cryostat. A portion of the wall 
24 of the vacuum vessel 2 disposed adjacent to the 
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?ange 23 is constituted by a bellows 241. With this 
arrangement, the cryo-cooler body 52 can be easily 
mounted in place, and vibrations of the cryo-cooler can 
be absorbed, thereby suppressing the generation of 
noises. 
The cooling portion 53 of the helium cryo-cooler 5 

has a ?rst cold station 531 and a second cold station 532. 
These cold stations 531 and 532 extends through the 
cover 227 and the opening 226 into the second vacuum 
chamber 22. The body 52 of the helium cryo-cooler 5 is 
mounted onto the cover 227. 
The ?rst cold station 531 and the outer thermal shield 

tube 31 are thermally interconnected by a ?rst heat 
transfer means. The second cold station 532 and the 
inner thermal shield tube 32 are thermally intercon 
nected by a second heat transfer means. 
The ?rst heat transfer means comprises an inner heat 

transfer ?ange 71 of copper or alumina which is joined 
at one side thereof to the fust cold station 531 by a bolt 
81 through an intervening ring 82 of indium and is 
joined at an outer periphery thereof to the inner periph 
ery of the shell 63, an outer heat transfer ?ange 72 of 
copper or alumina thermally connected or joined to the 
inner heat transfer ?ange 71 through the shell 63, a heat 
transfer plate 73 of copper joined to the outer heat 
transfer ?ange 72 by a bolt 83, and a seat 33 joined to the 
heat transfer plate 73 by a bolt 84 and also joined to the 
outer thermal shield tube 31. 
The second heat transfer means, like the ?rst heat 

transfer means, comprises an inner heat transfer ?ange 
74 of copper or alumina which is joined at one side 
thereof to the second cold station 532 by a bolt 85 
through an intervening ring 86 of indium and is joined 
at an outer periphery thereof to the inner periphery of 
the shell 65, an outer heat transfer ?ange 75 of copper or 
alumina thermally connected to the inner heat transfer 
?ange 74 through the shell 65, a heat transfer plate 76 of 
copper joined to the outer heat transfer ?ange 75 by a 
bolt 87, and a seat 34 joined to the heat transfer plate 76 
by a bolt 88 and also joined to the inner thermal shield 
tube 32. A cooling panel 41 is secured to the inner heat 
transfer ?ange 74 by the bolt 85. 
The shell 63 is metallurgically joined integrally to the 

inner heat transfer ?ange 71 and the outer heat transfer 
?ange 72 by soldering or brazing, and similarly the shell 
65 is metallurgically joined integrally to the inner heat 
transfer ?ange 74 and the outer heat transfer ?ange 75 
by soldering or brazing. 
To prevent the intrusion of radiant heat from an ordi 

nary temperature portion, a thermal shield tubular half 
35 covers the cold stations 531 and 532. A heat transfer 
plate 36 is thermally connected at one end thereof to the 
outer heat transfer ?ange 72, and at the other end 
thereof to a thermal shield 38 through a heat transfer 
member 37 in the form of a copper net. Therefore, a 
thermal shield disk 40 is secured to an inner Portion of 
the shell 65 by screws, thereby preventing the intrusion 
of radiant heat from the ordinary temperature portion. 

Sleeves 68 and 69 are disposed within the shells 63 
and 65 spaced from the respective inner peripheries of 
the shells to provide an annular clearance therebetween 
with this construction, even when the cryo-cooler body 
52 is not mounted, the shells 63 and 65 are held in coax 
ial relation to each other. 

Next, the procedure of exchanging the cryo-cooler 5 
will now be described. 

First, the operation of the cryo-cooler 5 is stopped. 
Then, helium gas is supplied from a gas bomb 91 to the 
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4 
second vacuum chamber 22 through valves 92 and 93 
and a gas inlet port 25 formed in the ?ange 23, until the 
pressure of the second vacuum chamber 22 reaches a 
level substantially equal to the atmospheric pressure. 
While supplying the helium gas from the gas bomb 91, 
the cover 223 is detached. Thereafter, the opening 222 
is closed by a vinyl sheet or the like, and in this condi 
tion the thermal shield disk 40 and the cooling panel 41 
are detached. Then, a tool is inserted into a notch 741 
formed in the inner heat transfer ?ange 74 so as to re 
move the bolt 81. Finally, the bolts 228 are removed, 
and the body 52 and the cooling portion 53 of the cryo 
cooler 5 are removed by detaching the cover 227 from 
the vacuum vessel 2. 
When a new cryo-cooler 5 is to be attached, the cool 

ing portion 53 of the new cryo-cooler 5 is inserted into 
the second vacuum chamber 22 and the cover 227 is 
fastened to the ?ange 23 by bolting, and the inner heat 
transfer ?ange 71 is fastened to the ?rst cold station 531 
by bolting. Then, the thermal shield disk 40 and the 
cooling panel 41 are connected to the second cold sta 
tion 532 by bolting. Finally, the cover 223 is fastened by 
bolting. Then, the valve 92 is closed, and a valve 94 is 
opened, and the second vacuum chamber 22 is evacu 
ated to vacuum by a vacuum pump 95. The residual 
helium gas is condensed and absorbed by the cooling 
panel 41 and an absorbent, such as activated charcoal 42 
provided on the cooling panel 41, thereby increasing 
the degree of vacuum within the vacuum vessel 2. 
Then, the cryo_cooler 5 is operated. Helium gas of high 
pressure is supplied from the compressor 51 to an ex 
pander of the body 52 through a pipe 55, and is sub 
jected to adiabatic expansion to produce cold. The ex 
panded helium gas is returned to the compressor 51 
through a pipe 54. Therefore, the ?rst cold station 531 
and the second cold station 532 are cooled to about 80K 
and about 20K, respectively. Further, the outer and the 
inner thermal shield tubes 31 and 32 within the ?rst 
vacuum chamber 21 are cooled respectively by the ?rst 
and the second cold stations 531 and 532 through the 
?rst and the second heat transfer means. Soon, the cryo 
stat is returned to its predetermined operating condi 
tion. 

In this embodiment, when the cryo-cooler 5 is to be 
exchanged, the ?rst vacuum chamber 21 containing the 
outer thermal shield tube 31 and the inner thermal 
shield tube 32 is not opened to the atmosphere, but is 
maintained in a vacuum condition. Therefore, the ther 
mal insulation of the helium container 3 is not affected, 
and the loss of the helium gas due to evaporation can be 
suppressed. 

Further, when the cryo-cooler is to be exchanged, all 
that must be done is to release and fasten the bolts, and 
to supply the gas into the second vacuum chamber and 
to discharge the gas therefrom. Therefore, the exchange 
can be done readily, and the cryostat can be returned to 
its predetermined operating condition in a short time. 

Further, because the partition wall 6 has the bellows 
62, 64 and 66, the thermal strinkage of the cooling por 
tion of the cryocooler as well as vibrations of the cryo 
cooler is absorbed. This prevents a fatigue failure of the 
wall of the second vacuum chamber 22. Further, the 
heat transfer passage between the covers 223 and 227 as 
well as the heat transfer passage between each cover 
and each heat transfer ?ange can be made longer, and 
then the heat transfer is rendered less, thereby reducing 
the intrusion of the heat into each cold station. 
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Since the opposite ends of the second vacuum cham 
ber 22 can be opened to the atmosphere, the partition 
wall 6 is affected by neither a compressive load nor a 
tensile load due to pressurizing to the atmospheric pres 
sure and evacuating to vacuum on exchanging of the 
cryo-cooler. Therefore, the thickness of the bellows 62, 
64 and 66 of the partition wall 6 can be made small. 
With this arrangement, the heat transfer by conduction 
can be kept to a small level, and the amount of intruding 
heat directed toward the thermal shield tubes can be 
reduced. 

Further, in this embodiment, the cover 227, the parti 
tion wall 6 and the vacuum vessel 2 are all made of 
stainless steel, and are joined to one another by welding, 
thereby enhancing the air-tightness between the ?rst 
vacuum chamber 21 and the second vacuum chamber 
22. 
As the helium cryo-cooled, a Gifford-McMahon 

cryo-cooler, a Solvey cryo-cooler, a Stirling cryo 
cooler, a Clude cryo-cooler, a Vuilleumier cryo-cooler 
and a Pulse Tube cryo-cooler can be used. Also, instead 
of the helium cryocooler, an electronic cryo-cooler 
with a Peltier device which does not use helium gas can 
be used. 
A modi?ed cryostat shown in FIG. 3 differs from the 

cryostat of FIG. 1 in that the inner and the outer heat 
transfer ?anges 71 and 72 is replaced by a single heat 
transfer ?ange 77 of copper or aluminum and that the 
inner and outer heat transfer ?anges 74 and 75 are re 
placed by a single heat transfer ?ange 78 of copper or 
aluminum. The heat transfer ?anges 77 and 78 are con 
nected respectively to the ?rst and the second cold 
stations 531 and 532 by a bolt 81 and a bolt 85, respec 
tively. The bonding between the heat transfer ?ange 77 
of copper or aluminum and the shell 63 of stainless steel 
(that is, the bonding between different metals), as well 
as the bonding between the heat transfer ?ange 78 of 
copper or aluminum and the shell 65 of stainless steel 
(that is, the bonding between different metals), is ef 
fected by brazing, a diffusion bonding, a friction bond 
ing, or an explosion bonding. Since each of the heat 
transfer ?anges 77 and 78 is of a one-piece construction, 
the resistance to heat transfer in the heat transfer ?ange 
is small, and therefore the thermal shield tubes can be 
further cooled, thereby further reducing the amount of 
evaporation of the helium gas. 
Another modi?ed cryostat shown in FIG. 4 differs 

from the cryostat of FIG. 3 in that the connection of 
each heat transfer ?ange to a respective one of the cold 
stations is made not by the bolt, but by frictional contact 
between tapered portions More speci?cally, a truncated 
cone-shaped ring 533 is thermally integrated with the 
?rst cold station 531 by brazing, and a truncated cone 
shaped ring 534 is thermally integrated with the second 
cold station 532 by brazing. Heat transfer ?anges 77 and 
78 respectively have recesses 771 and 781 which are 
complementary in shape to the truncated cone-shaped 
rings 533 and 534, respectively. The magnetic shield 
member 39 has a notch 441 for allowing the movement 
of the ?ange 23. With this construction, by fastening the 
cover 227 to the ?ange 23 by the bolts 228, each of the 
heat transfer ?anges can be thermally integrated with a 
respective one of the cold stations. In this embodiment, 
the use of the cooling panel is omitted, and activated 
charcoal 42 is bonded directly to the heat transfer ?ange 
78. 

In this embodiment, due to a pressure differential 
between the second vacuum chamber 22 and the atmo 
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sphere, each of the cold stations is positively pressed 
against a respective one of the heat transfer ?anges. If 
the pressure of the second vacuum chamber 22 is in 
creased to a level substantially equal to the atmospheric 
pressure when the cryo-cooler is to be exchanged, the 
cooling portion of the cryo-cooler can be easily taken 
out merely by releasing the bolt 228. 

Further, the cover 223 may be joined directly to the 
vacuum vessel 2 by welding. Also, the cover 227 may 
be mounted on the magnetic shield member 39 so as to 
move in the direction of insertion of the cooling portion 
of the cryo-cooler, in which case the weights of the 
cover 227 and the cryo-cooler body 52 are supported by 
the magnetic shield member 39. 
A further modi?ed cryostat shown in FIG. 5 differs 

from the cryostat of FIG. 1 in that instead of the bolt 81, 
a long bolt 811 is used for joining the inner heat transfer 
?ange 71 to the ?rst cold station 531. With this con 
struction, since the bolt 811 and the bolt 85 are disposed 
adjacent to each other, the fastening and releasing of the 
bolt can be facilitated. 

FIG. 6 shows cryostat according to another embodi 
ment of the invention designed to cool an electric de 
vice 11 such as a sensor using a Josephson device or a 
superconducting quantum interference device. Except 
for the shapes of a helium container, a thermal shield 
and a vacuum vessel, the cryostat of FIG. 6 is of the 
same construction as that of the cryostat of FIG. 1, and 
therefore description of the remainder will be omitted 
here. The helium container 13 has a tubular shape, and 
has an opening 131 at its top. A ?ange 132 of the helium 
container 13 is joined to an opening 121 of the vacuum 
vessel 12. An inner thermal shield tube 14 and an outer 
thermal shield tube 15 are mounted around the helium 
container 13. The opening 121 is closed by a cover 16. 
A connector 17 is mounted on the cover 16, and is 
connected to the electric device 11 through lead wires 
18. A non-magnetic shield tube 19 made, for example, of 
permalloy or stainless steel is mounted around the vac 
uum vessel 12. The cover 227 of the vacuum vessel 12 is 
?xedly mounted on the non-magnetic shield tube 19. 
The cryostat of this embodiment achieves the same 
effects as the cryostat of FIG. 1. 
What is claimed is: 
1. A cryostat comprising: 
a vacuum vessel; 
partition means for air-tightly separating said vacuum 

vessel into a ?rst vacuum chamber and a second 
vacuum chamber; 

thermal shield means encapsulated within said ?rst 
vacuum chamber; 

a cooler encapsulated within said thermal shield 
means for containing therein a body to be cooled 
and cryogen for cooling said body to be cooled; 

a cryo-cooler disposed outside of said vacuum vessel, 
said cryo-cooler having a cooling portion which 
portion is disposed within said second vacuum 
chamber; 

a heat transfer passage along which heat is transferred 
from said thermal shield means to said cooling 
portion of said cryo-cooler through a part of said 
partition means; 

at least two openings provided in said second vacuum 
chamber, through which said second vacuum 
chamber is capable of being opened to atmosphere; 
and 

cover means detachably mounted to said respective 
openings for maintaining said second vacuum 
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chamber at a vacuum condition, on which cover 
means said cryo-cooler is mounted. 

2. A cryostat according to claim 1, wherein said parti 
tion means extend through said heat transfer passage 
and wherein said partition means and said heat transfer 
passage are thermally integrated with each other. 

3. A cryostat according to claim 2, wherein said parti 
tion means partially include bellows portion. 

4. A cryostat according to claim 2, wherein further 
comprises gas adsorPtion means thermally integrated 
into said cooling portion of said cryo-cooler. 

5. A cryostat according to claim 1, wherein said heat 
transfer passage includes a heat transfer member which 
is joined to said cooling portion and extends through 
said partition means to said thermal shield means. 

6. A cryostat according to claim 5, wherein said heat 
transfer member is joined to said cooling portion by a 
bolt. 

7. A cryostat according to claim 5, wherein one of 20 
said heat transfer member and said cooling portion has 
a wedge-shaped surface, whereas the other has a surface 
complementary to said wedge-shaped surface, and said 
heat transfer member and said cooling portion are 
joined together through a frictional contact between 
said two surfaces. 

8. A cryostat according to claim 1, wherein said heat 
transfer passage includes a ?rst heat transfer member 
which is joined to-said cooling portion and is abutted 
against said partition means, and a second heat transfer 
member which is abutted against said partition means 
and extends to said thermal shield means, said ?rst and 
said second heat transfer members being thermally inte 
grated with each other through said partition means. 

9. A cryostat according to claim 8, wherein said first 
heat transfer member is joined to said cooling portion 
by a bolt. 
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10. A cryostat according to claim 8, wherein one of 

said heat transfer member and said cooling portion has 
a wedge-shaped surface, whereas the other has a surface 
complementary to said wedge-shaped surface, and said 
heat transfer member and said cooling portion are 
joined together through a frictional contact between 
said two surfaces. 

11. A cryostat comprising: 
a vacuum vessel having a wall; 
Partition means having a wall for air-tightly separat 

ing said vacuum vessel into a ?rst vacuum chamber 
and a second vacuum chamber, said partition 
means include a wall portion of said vacuum vessel 
which faces to atmosphere as a wall portion of said 
partition means; 

thermal shield means encapsulated within said first 
vacuum chamber; 

a cooler encapsulated within said thermal shield 
means for containing therein a body to be cooled 
and cryogen for cooling said body to be cooled; 

a cryo cooler disposed outside of said vacuum vessel, 
said cryo-cooler having a cooling portion which 
portion is disposed within said second vacuum 
chamber; 

a heat transfer passage along which heat is transferred 
from said thermal shield means to said cooling 
portion of said cryo-cooler through a part of said 
partition means; 

at least one opening provided in said second vacuum 
chamber, through which said second vacuum 
chamber is capable of being opened to atmosphere; 
and 

cover means detachably mounted to said respective 
openings for maintaining said second vacuum 
chamber at a vacuum condition, on which cover 
means said cryo-cooler is mounted. 

* i t i i 
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